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Microenvironment in pulp revascularization: Elucidation of the mechanisms that
prevents odontoblast differentiation
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This study investigated the impact of remnant healthy or fully functional
pulp and apical tissue on healing patterns after regenerative endodontic procedures. Teeth with 0.
81-0.91 mm of remnant pulp healed with pulp-like tissue, dentin, and osteodentin-like mineralized
tissue (0SD); teeth with 0.60-0.63 mm of remnant pulp healed with pulp-like tissue and OSD; teeth
with 0.13-0.43 mm of remnant pulp healed with periodontal ligament (PDL)-like tissue, OSD, and
cementum-like mineralized tissue (CEM); and teeth with disorganization of pulp and apical tissues at
0.15-0-38 mm beyond the root apex healed with PDL-like tissue, CEM, and intracanal bone.



¥ X C—19,. F—19—1, 2—19 (58

1. #FIERIA S D =

FRA TR B O g flEE ST - AR MRS E R 1X. FEMO/NRITHIET 57290, Bl E BT
D ENEDRR D TE, — 5 CTIERO I NIEIE T, 5% bR GE I E N EE T L7220,
ZOMEFIEN S BT RICAREHZRT, TF, BERNEE N7 Z V8- 3 K DR#H
X, RREOEBMAREZFES 5 2 & T, RENICH/EMMES RIS D Z ERH LN
ST, ZHUT K DARRTTERLE O “BRARR) 72 NEIE” I3RS E > T B3, £ 0%k o
gk v, UARR7Z B =2 9 TERIN D BT AR D KAN R FE Tl < B
M TH D &) MBS HT2 IR B U CE o, BRI X 2RI Tk, M5 oM
FIRARC, PR ERBIN ARSI D2, BFEEEPEIND L HIZY ARRAT T E—
Ta v OIREINTRZRBESEDZENAAEOMEL > TN 5,

COREEERTAEOICIE. TLFL, RE U AR T Y- g U TREFFEMA L L
IRONDNDGEANIERTH D, L L bR TIX, ZOREWEOBEMT HRKVIAFILTY
20N, YRR Z VB = 3 BT, IEFREESFER AR & 1387 2 RBEEZ RT
RER TP~ N U w7 AR RO, ZOWE OB ENRFFMILO MR
TR o TWD AREMER @V, & 2 CARMFIEHREIL, [V AR T VB —v a v IEESRFERK
WERICBITAMNEEOERZA LN TEZLICEY., VAR Z 5 Y P —3 g TEREHEM
JAD AL Z B 22 WM O ZERAN AIRETIX A2 Wn] &9 BIVICE 2 5~ < FHlj L 72 ("

2)0
2 : AARZEOEE
ﬂaiiim& RFFWRMBY"
(EEEMAETE) - AR
— EOE
Bi: UARS 5 UtE—3 22 OB2E T [ s e
CReazpsobl S T éiééngsﬁ?
MTA: A BhIL S LRt Ak e e
TeRY, - o) (e SEYERARR LR [
= E\ = = A chzcomr
s i A e
> | |m] | = N —
5| |/ ™
YNRRIFYH—ay _— REEEEA L
- E (BT ANt EEAR
o 7 ol e
i KRS e ‘
BIBEORR > ;}'h' ’
sasmmositiecs [ [l
BLUREEMLALT S, f R
] A\ Y/
F Ay = 3
{8 e
SFFARAMCEEED | #00n
BhLmUERreE L i \/
2. WO HPY

AWFIRIE S ), IER £ I EERF AR & O DL Y N2 7 F B —2a DiR
TR SRR R BRI A - fifaSh~ b Y v 7 2B ERSTHL, YRR 27 F =9 DR
BT DO RIS TH Z L2 AL LT, L LR b, WRERRMERIE, il - ARASERH
fEDIRAFEIIG U T IRERENS K E S RRD ZEMNHB L, 207, FHEzZ2 8 L, dhifd -
IRISHEALAR DIRAF BB REIC 5 2 DB A R T 2 2 & & LT,

3. WOk

(1) vy FAWICHT L2V RNRZ T UE— g ALE

AWFIEI TR R FEY ERMEEE S ORR 2S5 THEM L7 (SA 00213), 5 ¥ M
Wistar 27 v MIEHMELZE L, ERBEMBEE T CULTFOLEEITo72, FHFE—HHEIC
FN—F BB AT, A 0. 6mm D — /S KAN—% A TBIEBIE 21T - 72, 2 D%, Tl
REZH#D K77 A NVERNT, 4 BEOIEERECTIERNEMR LZ, ZOEERTFRNICHES L
AR EAZEES W T, K 0. 8mm, 0. 5mm, F7=1E 0. 2mm OFFRSBRENIES L HIZ, £
1% 0. 2mm OFAFERSRREZB R THRESND L HITRE LT, HV T, RENIZ CT EAI 2 A
L72REET~A 7 v CT B 217\, RAREHEATEL M L, To%, MENZEEAE
KICTHIF L, 10 5 H 77 ANTE=NR—A VAV IV AT —2a L &1TH 2 LT, RENIC
MmEFEER Sz, Mk bz ALy Lt A2 R (ProRootMTA) ZREfFL, 2> RT v b
LN TCEIAZEE L, BRI 48 & U, BEREER IR L,

(2) Rk T
WIEICHE S TRT 7 ¢ VRO R 2 ER L, H-E Yo, TRAP Y72 5 ONZHL Dentin
sialoprotein (DSP: clone 2C12.3; Sigma—-Aldrich, St. Louis, MO, USA), nestin (clone rat—



401; Sigma—Aldrich), Periostin (polyclonal, BioVendor, Karasek, Czech Republic),
Cytokeratin HU{& (polyclonal, Nichirei Bioscience, Tokyo, Japan) Z 7= toEdufa 2175
720

4. WFERCE
(1) BFEREH
RAGE, AT AT T 4 v AL NEREEARE, SRR, SREmmAa, AR IHEA X 2L
TOZEMTREI STz,
O £5E . e ot o
MRAEAZ2 L, MEHED D . DSP BHHE, | | £7f 2 : BN
nestin PR A HMINADORLED = : b
@ FATETT a4V | = T oostn] 10
ARSI A DV | HIE e L, DSP Bk \ | %
@ & A2 NEREEALE R - o
MifaEt A v | MEMEG: L, DSP 2tk o (|2 il L2
TRAP Bt ER B A D RIE/ R L ) , A
@  BRRAEAA K = : s
MIfaE AN D | ME RS L, DSP fatk, © YO | e
TRAP BEHERE MR DO RAED Y - et o e
© R ‘ '
Periostin f&fk
® SR A A
Periostin [t

Sample 15

Region 3
| (5 CK

Sample 19

el - S | __ 3 i.' AT e
Edanami N et al. Sci Rep. 2020 X v 5|/

& aig

KL B DAL AOBEAT 70 D IR R EEMR RIS U T, O BAFE LA AT F T T 4 D
JERZ LD /3% — 2 (0.81~0.91mm OHHENFEF L CWZRE) . @ ARATAT T 4 DHD
TRz D 23— (0.60~0. 63mm DHHERFRF L CWRE), @ ARATAHT T 4 &&A
v NERRBERARR DI Z A D X% — 2 (0. 13~0. 43mmmm DO FEAFEAF L TV, @ & A v
N ERRRE AR & B D TER A 9 N F — 2 (R4 % 0. 15~0. 38mm 2 THER L728E) o
4RE = PNETCDEPHONI R o7z, Fo, QL@ — 2 TlidtifEss, @L@nx
Ho— o TII AR MR NG 2 A8 L Tz, @D Z — 2 DB T Cytokeratin Btk
O Hertwig LERREEOIEINGRD iz,

REPTHHED; NELEIH=X L

(2) &%

ARHFGE TR 2 72 AR R R R ORI Y
N2 275 P — g (REPs) 1TV, 1BFF
R 28122 L /- f& 5. REPs # DI R REIL, Maflr
RFIZ 38T 2 sl ds L OMR S SRR D 7R A7 IR g
RIS Z LR ENT, £, EHRIEH
JAORENRADE Z & 72 < T BT HEEHE
e (AATHT T 00) B END Z &N
BN o7, I BT, WRBESHARORE N
RADE Z D &' A v MNEEREAGE O R
AT DR T LS lE ORENR AL ED
RNWZ EDRHA LN 0T, — 7T, HAEE O ; Ve ® o = <Ry o
REPNEAL Hertwig LRI EE S5 N SRS TR
é\czéz U }:) e k 75§ﬁ<ﬂ§ é ﬂf:o FEIRY FHppy (220N

RIS AR DS —E LA BFRAE L TV D GG ITII B R S B S5 b DD, A AT AT
T4 VIBRICKE DS E R B Y . ZORMEFICEWTIIMNRRAE X 5 2 & (BRER ORI
L) TRV RAFMRME c RAERREFETEHLE2OND, £o. AIEOBREIT
B2 508, Hertwig RO RN, WHEE OREN~OMELFREEL LTV D AN R EN
7o b BT,




1 1 0 1

Naoki Edanami, Kunihiko Yoshiba, Mari Shirakashi, Razi Saifullah Ibn Belal, Nagako Yoshiba, 10(1)
Naoto Ohkura, Aiko Tohma, Ryosuke Takeuchi, Takashi Okiji, Yuichiro Noiri

Impact of remnant healthy pulp and apical tissue on outcomes after simulated regenerative 2020
endodontic procedure in rat molars

Scientific Reports 20967

DOl
10.1038/s41598-020-78022-w.

Regenerative endodontic procedures

151

2019 2020




